Rodinia. An alternative hypothesis is therefore that Tonian deformation and 55 metamorphism records the evolution of an external accretionary orogen developed 56 above a continentward-dipping subduction zone (Fig 1; Cawood et 
65
Further advances in understanding the evolution of this orogenic tract depend in part 66 upon acquisition of additional geochronological constraints coupled with pressure-67 temperature (P-T) data from metamorphic assemblages. However, the identification and 68 interpretation of Tonian tectonometamorphic events within the North Atlantic 69 borderlands is often problematic because many of the rock units that record orogenesis 70 of this age were strongly reworked at amphibolite facies during the Ordovician-Silurian 71 (Fig 1) , a sillimanite 75 foliation entirely preserved within garnet porphyroblasts gave U-Pb monazite and zircon 76 ages of c. 950-940 Ma, despite the presence of kyanite-bearing Caledonian fabrics 77 (Cutts et al. 2009b) . In this paper we present the results of an integrated 78 geochronological and metamorphic study of garnet porphyroblasts from the Meadie 79
Pelite within the Caledonides of northern mainland Scotland (Fig 2) . These results 80 further extend the geographic range of Renlandian orogenic events, with implications for 81 the ages of, and correlations between, major lithostratigraphic successions. obtained by electron microprobe at the Natural History Museum were used as an 168 internal standard, and were found to be internally constant at 37.7 ± 0.21%. Analysing 169 traverses of NIST SRM-612 glass standard at the beginning and end of each run 170 allowed for external standardization. The spot size for data acquisition was 44 µm, the 171 repetition rate was 15 Hz, the scan speed was 0.5 mm/min. All LA ICP-MS data is 172 included in Supplementary File 2. 173
The X-ray fluorescence (XRF) analyses were also undertaken at Royal Holloway using 174 the methods described by Thirlwall et al. (2000) . 175
Garnet Geochronology 176
Core and rim material was separated during picking based on a purple core and an 177 orange rim. To calculate the amount of spike necessary to be added to the garnet 178 fractions the Lu, Hf, Sm and Nd concentrations were estimated from part of the pure 179 garnet using the LA ICP-MS trace element data (Fig 4) . XRF analysis of whole rock 180 powders was used to establish concentrations of Nd, Y and Zr to calculate the mass of 181 spike needed for the whole rock fractions. 182
For Lu-Hf and Sm-Nd analyses, the procedures for sample leaching, spiking and 183 dissolution generally followed the guidelines described by The constraint on maximum H2O content is taken as equivalent to the 'loss on ignition' 222 from the XRF analyses. Compositional isopleths for garnet were calculated and have 223 been plotted onto the peak field of the pseudosections to aid with interpretation of the 224 P-T path. 225
Results 226

Major and trace element garnet chemistry 227
Based on the electron microprobe traverses (Fig. 4A) , garnet grains appear to have two 228 compositional zones. Grain cores (Z1) are relatively rich in inclusions that are oriented 229 in an S1 fabric (Fig. 3C) Trace and major element data was also collected from AB07-31 garnet. The garnet 243
shows notable HREE zoning, with HREE increasing towards the core, represented by 244 Lu in Fig. 4B . Sm and Nd do not show any obvious zoning ( Fig. 4B and C) , but do show 245 several peaks that relate to LREE and MREE-rich inclusions, e.g. apatite. Hf is fairly 246 homogeneous throughout the garnet with some small peaks, which are probably due to 247 minor zircon inclusions (Fig. 4C) . 248 
Garnet geochronology 251
The dates reported in Table 1 176 Hf/ 177 Hf ratios and are within uncertainty of each other, they can also be calculated as 257 a 4-point isochron (Fig. 5A ) using all three garnet cores and the whole-rock fraction to 258
give an date of 949.6 ± 3 Ma (MSWD = 1.4). All the Lu-Hf data can be calculated as a 7-259 point isochron of 944.4 ± 7.0 (MSWD = 3.6), shown in Fig. 5B . Two further Lu-Hf rim 260 dates are within uncertainty of the core dates, but have poor precision, with 176 Lu/ 177 Hf 261 and 176 Hf/ 177 Hf ratios lower than those of the whole rock, in part due to inclusions rich in 262
Hf, as the Hf concentrations are 75 and 6 ppm which the pure garnet is ~4 ppm (Table  263 1). Grt Core 1 gave a Sm-Nd date of 841 ± 9 Ma. Gt Core samples 2, 3 and 4 have 264 large date errors due to low garnet 147 Sm/ 144 Nd ratios, but are higher than the date for 265
Core 1, and within uncertainty of the Lu-Hf core dates suggesting that these ages may 266 be meaningful. The Sm-Nd dates from the garnet core can be calculated as a 5-point 267 isochron (Fig. 5C) 
Metamorphic modelling 277
The whole rock bulk composition was used to create the P-T pseudosection, which 278 shows the mineral relationships during the growth of Z1 garnet (Fig. 6) . The P-T path is 279 defined by the mineral assemblage evolution as well as the chemical zoning profiles of 280 each garnet zone. In the P-T pseudosection, the garnet core composition overlaps in 281 the field garnet + biotite + plagioclase + chlorite + muscovite + quartz which is 282 consistent with the inclusion assemblage in the garnet grains. The change in 283 composition of garnet in Z1 indicates an up-P and T evolution into the staurolite-bearing 284 field. This is consistent with the observation of multiple generations of staurolite in the 285 sample. Peak conditions are difficult to determine, as it is possible that Z1 garnet rims 286
were retrogressed prior to Z2 growth. A conservative estimate for this event is 6-7 kbar 287 and c. 600 °C as there is no evidence of kyanite growth prior to growth of the Z2 garnet 288 (Fig. 6) . 289 The Electron Probe Micro Analysis (EPMA) data in combination with the Lu-Hf and Sm-313
Nd analyses suggests that the garnets have two growth zones (Fig. 4A) . Based on the 314 appearance of the garnet in thin section (broken up, thin rims with inclusions parallel to 315 the matrix foliation as well as fine-grained matrix garnet), it is possible that there were 316 three episodes of garnet growth. Potentially, the cores and rims (zones 1 and 2) are 317 (Fig. 4B) , the 324
Lu-Hf dates presented here should reflect the age of garnet growth. 325
In summary, the data shows prograde garnet growth at ~950 Ma, relating to 326 metamorphic pressures and temperatures of at least 6-7 kbar and 600°C. Z2 garnet 327 probably grew during the same metamorphic event as it also overprints the S1 foliation 328 and gives a similar age. The break in composition of the major elements could be a 329 result of a growth hiatus, possibly as a result of the growth of staurolite (which appears 330 as inclusions in Z2), limiting the amount of Al available for growth garnet (or even as a 331 result of the growth of Z1 garnet altering the bulk composition of the sample, e.g. Cutts 332 et al. (2010)). Z2 garnet also seems to have fewer quartz inclusions ( Fig. 3a and  333 Supplementary File 2), Kelly et al. (2015) found that quartz was consumed across the 334 staurolite-in isograd, suggesting that Z2 garnet grew in equilibrium with staurolite. Z2 335 achieved the highest-pressure conditions as matrix staurolite is partially replaced by 336 kyanite (Figs. 3A, 6) . (Friend et al., 1997) , (Millar, 1999) , (Rogers et al., 2001) orogenesis at 820-725 Ma (Cawood et al. 2004 (Cawood et al. , 2010 (Cawood et al. , 2015 . 412
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